Abstract-The tracking of a four dimension super chaotic system with unknown parameters and uncertain static functions is researched in this paper and a robust adaptive tracking law is designed according to the Lyapunov stability theorem. Especially, the multi-unknown functions and parameters are solved by designing of adaptive turning law. It is a meaningful method both in theory and in engineering practice because the multi-input multi output system considered in this paper is complex and close to the secrete communication situation, in which the tracking and synchronization of chaotic system is usually applied.
I. INTRODUCTION
Chaos systems have complex dynamical behaviors that possess some special features such as being extremely sensitive to tiny variations of initial conditions, and having bounded trajectories with a positive leading Lyapunov exponent and so on [1] [2] [3] [4] [5] [6] [7] . Synchronization of chaos systems with unknown parameters was investigated widely by researchers from various fields.
The stability of tracking problem of a kind of single input and single output nonlinear systems , which can be transformed into strict feedback form, was researched in [1, 2] under the situation that there exist unknown parameters and uncertain nonlinear functions . But it needs the assumption that the bounds of unknown parameters and bound functions of uncertain nonlinear functions are known.
Manfeng Hu and Tiegang Gao and E.M.Elabbasy [4, 5, 6] studied the unknown parameters problem with different strategies and Manfeng Hu used the parameter identification method to cope the unknown parameters in synchronization of chaotic system, but all states of the system were used to construct the control law. Fang Tang and Zheng-Ming Ge [7, 8] used adaptive method to solve synchronization problem with uncertainties. Gauthier, J. P [9] used a simple observer method, which is very effective and novel. Khalil and Hao Lei [10, 11, 12] used output feedback methods to synchronize chaotic systems but the defect is that the method depend on high gain feedback. A kind of deadzone nonlinearity [34, 45] was studied in synchronization of chaotic systems and Her-Terng Yau [35] researched the input nonlinearity situation.
Synchronization problem with different structures was considered by Jian Huang [36] [37] [38] . The reduce order synchronization problem was studied by Ming-Chung Ho [39] . Tsung-Ying Chiang [41] studied the antisynchronization problem for chaotic system with deadzone nonlinearity. And input nonlinearity was considered by Her-Terng Yau [42] . Sliding mode control strategy was adopt in synchronization by Haitao Yu [43] and Chao-Lin Kuo [44] . Also other control methods were studied by researchers to solve the synchronization problem with uncertainties, such as sliding mode control [13] ,adaptive method [14] [15] [16] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] 40] , fuzzy control [17] , active control [46, 51, 52, 53] , feedback control [50, 54] and robust control [18, 47 48,49] . The synchronization problem of chaotic systems, which can be transformed into single input and single output nonlinear dynamic system, was researched under the conditions that there are both unknown parameters and unknown nonlinear functions. But only the single input and single output situation is concerned in those references [21] [22] [23] [24] [25] [26] [27] [28] . In this paper, the multi-input and multioutput problem is considered and a robust adaptive synchronization law is designed for a four dimension super chaotic system based on Lyapunov stability theorem.
II. PROBLEM DESCRIPTION
Consider a four dimension super chaotic system with static uncertain nonlinear functions and unknown parameters as follows: 
Without loss of generality, it can be written as
It can be expended as
where ( ) f x are known functions of the system. ( ) F x are known functions, ( , ) x t Δ ( , , ) ( , , )
III. ASSUMPTION
The assumption of the above system is as follows: Assumption 1: There exists unknown positive parameter
where i d is a unknown constant, ( ) i X ψ is a known smooth function.
IV. DESIGN OF ROBUST ADAPTIVE CONTROLLER
Consider the situation with only one unknown parameter , the I th subsystem can be written as ( , , ) ( ) ( , , )
Design the control i u as Then it is easy to define that
So the tracking can be fulfilled. Consider the situation of multi-uncertain functions, the model can be described as follows
Design i u as So it is easy to prove that
Then the tracking can be fulfilled.
V. NUMERICAL SIMULATION
Take the below super chaotic system as an example, it can be described as follows: And choose the initial state as
simulation result of free movement of chaotic system is as following figures1 and figure2. The above figure 1 shows the behavior of uncontrolled chaotic system states x1,x2 and x3 .
The above figure 2 shows the chaotic behavior of uncontrolled states x2, x3 and x4.
Consider a simple situation to do the simulation first, assume there is not unknown parameters, then it means that all the parameters are known for the controller designer. The objective of the controller is to design a controller law such that all the states of the chaotic system can converged to zero for any initial states of chaotic system. The stabilization process can see the below figures.
The above figure 3 shows the stabilization process of chaotic state x1.
The above figure 4 shows the stabilization process of chaotic state x2 without unknown parameters.
The above figure 5 shows the stabilization process of chaotic state x3 without unknown parameters The above figure 6 shows the stabilization process of chaotic state x4 without unknown parameters Consider the situation with unknown parameters , the simulation is more complex and The stabilization of chaotic system can see figure7, figure 8 figure 9 and figure 10 . The above figure 7 shows the stabilization process of chaotic state x1 with unknown parameters The above figure 8 shows the stabilization process of chaotic state x2 with unknown parameters The above figure 9 shows the stabilization process of chaotic state x3 with unknown parameters The above figure 10 shows the stabilization process of chaotic state x4 with unknown parameters Without loss of generality, set the desired value as 1. Consider that , , , a b c d are unknown constants, using the method proposed in this paper, the simulation result is as below figure 11, figure 12 , figure 13 and figure 14 .
The below figure 11 shows the tracking process of chaotic state x1 with unknown parameters.
The above figure 12 shows the tracking process of chaotic state x2 with unknown parameters.
The above figure 13 shows the tracking process of chaotic state x4 with unknown parameters. The above figure 14 shows the tracking process of chaotic state x4 with unknown parameters.
So the tracking of chaotic system can be realized ideally and good performance is achieved by the above method.
VI. CONCLUSIONS
The tracking of a four dimension super chaotic system with unknown parameters and uncertain static functions is researched in this paper and a robust adaptive tracking law is designed according to the Lyapunov stability theorem. Especially, the multi-unknown functions and parameters are solved by designing of adaptive turning law.
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